M ethicillin-resistant Staphylococcus aureus (MRSA)
infections were first reported in the 1960s in healthcare facilities (1) . Risk factors included recent hospitalization, surgery, dialysis, having a central venous catheter or other invasive medical device, chronic wounds, residence in long-term care facilities or prisons, injection drug use, and exposure to antimicrobial drugs (2) . In the 1990s, MRSA infections caused by genetically distinct strains were observed among healthy persons in the community (3) .
Although S. aureus has long been recognized as a major human pathogen, epidemiologic studies and infection prevention precautions in recent decades have largely focused on MRSA. We compared epidemiologic, microbiologic, and molecular characteristics of invasive methicillin-susceptible S. aureus (MSSA) infections with those of invasive MRSA infections.
The Study
Active surveillance for invasive MSSA was added to existing invasive MRSA surveillance in Ramsey and Hennepin Counties (combined population in 2014: 1,742,806) in Minnesota, USA, during 2014. Cases were defined as S. aureus isolated from a normally sterile site in a catchment area resident. We collected demographic and clinical information from medical record reviews by using a standardized case report form. We epidemiologically characterized patients with invasive S. aureus: hospital onset (culture obtained >3 days after admission); healthcare-associated, community onset (HACO; >1 healthcare-associated risk factor); and community associated (CA). Healthcare-associated risk factors included in the year before culture hospital admission or residence in a long-term care facility or long-term acute-care facility for any duration, surgery, or dialysis or within 2 days before culture presence of a central vascular catheter.
Invasive MSSA and MRSA isolates were submitted to the Minnesota Department of Health for species confirmation, antimicrobial drug susceptibility testing, and molecular characterization. We confirmed species by using the tube coagulase test (Becton Dickinson, http://www. bd.com) or matrix-assisted laser desorption ionization time-of-flight mass spectrometry by using a Microflex LT/SH mass spectrometer and FlexControl 3.4 software (Bruker Daltonics, Inc., https://www.bruker.com). We subtyped isolates by using pulsed-field gel electrophoresis (PFGE) according to published protocols (4) . PFGE patterns were analyzed by using BioNumerics software (Applied Maths, http://www.applied-maths.com); patterns without differences were considered indistinguishable. We assigned patterns a USA clonal group on the basis of an 80% similarity coefficient cutoff to a type strain. Whole-genome sequencing characterized 2 isolates that were untypable by PFGE. We determined sequence type by using short reads in Illumina Miseq as described (5) and retrieved sequences by uploading raw read files to the Multilocus Sequence Typing 1.8 server (S. aureus configuration) hosted by the Center for Genomic Epidemiology (6) .
We performed antimicrobial drug susceptibility testing by using broth microdilution with a custom dried panel (TREK Diagnostic Systems, Inc., http://www.trekds.com/ techInfoVT/default.asp) and interpreted results according to Clinical and Laboratory Standards Institute guidelines (7) . Isolates susceptible to penicillin were examined for β-lactamase production by using nitrocefin disk test, penicillin zone-edge test, and blaZ β-lactamase gene confirmation by PCR. We induced β-lactamase production for nitrocefin disk testing by inoculating an isolate onto sheep blood agar with a 1-µg oxacillin disk and incubating overnight by using TREK Diagnostic Systems. Subsequent growth from the zone periphery was incubated with a nitrocefin disk (REMEL, http://www.remel.com/About.aspx) for 60 min. We also performed a penicillin zone-edge test by using standard disk diffusion, followed by assessment for fuzzy or sharp zone edges. We determined the incidence of the blaZ β-lactamase gene by using real-time PCR as described but with slight modifications (8) .
We analyzed data by using SAS version 9.4 (SAS Institute, https://www.sas.com). Census data for 2014 were A total of 701 cases (473 invasive MSSA, 228 invasive MRSA) were reported during August 1, 2014-July 31, 2015. Incidence for invasive MSSA (27.1 cases/100,000 population) was more than twice that for invasive MRSA (13.1 cases/100,000 population) (p<0.001). Invasive MSSA cases were less likely to be HACO (p<0.001), more likely to be CA (p<0.001), and have no concurrent conditions (p = 0.006) than invasive MRSA cases. Bacteremia (p = 0.026) and pneumonia (p<0.001) were less common among invasive MSSA cases. However, septic arthritis (p<0.001) was more common. Injection drug use and inpatient casefatality rate were similar for persons with invasive MSSA (6% and 10%, respectively) and invasive MRSA (5% and 11%, respectively) ( Table 1) .
Isolates from 40% of MSSA cases and 52% of MRSA cases were submitted. Cases with and without submitted isolates did not differ by sex, race, median age, or inpatient case-fatality rate. However, case-patients without isolates were more likely to have invasive MSSA (p = 0.003) or to be hospitalized in the year before culture (p = 0.030).
Invasive MSSA isolates were more genetically diverse than invasive MRSA isolates. We could not assign a USA clonal group for 55% of invasive MSSA isolates compared with 29% of invasive MRSA isolates. The most common clonal group among invasive MSSA isolates was USA200, which included 14% of invasive MSSA isolates; 35% of invasive MRSA isolates were clonal group USA100, and 30% were USA300 ( Table 2 ). The 2 invasive MSSA isolates that were untypable by PFGE were characterized by whole-genome sequencing as sequence type 398; 1 was from a HACO case and 1 was from a hospital onset case.
Invasive MSSA isolates were more often susceptible than invasive MRSA isolates to all antimicrobial drug classes, except for tetracycline ( Table 2) . We detected penicillin susceptibility through multiple testing methods in 63 (33%) of invasive MSSA isolates. Six clonal groups were identified among penicillin-susceptible isolates.
Conclusions
The incidence of invasive MSSA was more than twice that of invasive MRSA in these counties. Invasive S. aureus infections were associated with a high case-fatality rate. Infection types were similar except for more frequent septic arthritis among invasive MSSA cases and bacteremia and pneumonia among invasive MRSA cases; these findings were consistent with those of other studies (9). Some studies found a higher case-fatality rate for MRSA than MSSA infections, possibly attributable to the older age and concurrent conditions among invasive MRSA case-patients (10) . Although case-patients with invasive MSSA had fewer concurrent conditions and were less likely to have pneumonia (a syndrome associated with poor outcomes [11] ) than case-patients with invasive MRSA, case-fatality rates were similar. Invasive MSSA isolates were susceptible to more antimicrobial drugs and were more genetically diverse than invasive MRSA isolates, consistent with results of other reports (12) . Penicillin susceptibility was observed in 33% of invasive MSSA isolates, which is considerably higher than for previous studies of invasive and noninvasive MSSA isolates and was seen for multiple strain types (13, 14) .
Infection control interventions have effectively decreased healthcare-associated invasive MRSA incidence (15). However, invasive S. aureus burden and mortality rates remain a concern. Most invasive S. aureus disease was HACO or CA, highlighting the need for preventing these community-onset infections through new approaches and infection prevention in settings outside acute care. Ongoing surveillance data can inform planning for future interventions, such as improved wound care, enhanced infection prevention in nursing homes and dialysis centers, and greater attention to chronic conditions and development of effective vaccines.
